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Measurements of inclusive jet suppression in Pb+Pb collions at
√
sNN = 2.76 TeV with the AT-
LAS detector are reported. The centrality, pT and jet size dependence of the central-to-peripheral
ratio, RCP, is presented. The results indicate that jets are suppressed by approximately a factor
of two in the most central collisions, and a signiﬁcant dependence on the jet size is observed.
The path length dependence of jet quenching is studied through measurements of inclusive jet
suppression as a function of angle with respect to the event plane. The azimuthal modulation of
the jet yield is quantiﬁed by its second Fourier coeﬃcent, v2, which is signiﬁcant in all pT and
centrality ranges presented.
1. Introduction
Jets produced in relativistic heavy ion collisions provide a crucial tool for studying the hot,
evanescent form of matter produced in those collisions. The radiation of color charges in the
vacuum has been studied extensively in high energy experiments through measurements of jets.
The pattern of radiation in the vacuum is characterized a parton shower. A natural extension of
this phenomenon is to consider how the vacuum parton shower may be modiﬁed when occurring
in a medium of deconﬁned color charges.
The rate of inclusive jet production is sensitive to energy loss. If jets emerge from the medium
with a lower pT due to energy loss, the steeply falling production spectrum will be modiﬁed,
resulting in an overall reduction of the jet yield, or suppression, at a given pT value. The eﬀects
of this suppression can be studied by comparing the jet production rates in diﬀerent centrality
intervals while accounting for the variation due to the geometric enhancement of hard scattering
rates. To account for the geometric eﬀects, the jet yields in each centrality bin are scaled by the
average number of binary collisions, Ncoll, obtained from a Glauber Model. The suppression can
then be quantiﬁed by the central-to-peripheral ratio, RCP,
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Quenching eﬀects may cause a broadening of the parton shower causing the jet’s energy to be
deposited outside the nominal jet cone. Such “out-of-cone radiation” may be recovered by in-
creasing the radius of the jet deﬁnition resulting in a change in the observed suppression [1, 2, 3].
The dependence of the quenching on the in-medium path length can also be studied by ex-
ploiting the initial collision geometry in which the ﬁnite impact parameter results in a collision
region which is azimuthally anisotropic. The orientation of the impact parameter vector can be
inferred in each event from the global elliptic ﬂow by considering the Fourier expansion of the
azimuthal particle distribution and identifying the phase of the contribution from the second har-
monic, the event plane angle Ψ2. As the jets are not in thermal equilibrium with the system their
production is uncorrelated with the event plane angle. However, jets oriented in the direction
of the event plane need to propagate a shorter distance to the medium surface than out-of-plane
jets [4]. Such path-length eﬀects may cause the jet yield to vary as a function of angle with
respect to the event plane, Δφ = φjet − Ψ2.
Two separate analyses of inclusive jet suppression are presented here. The ﬁrst follows
closely from a recent ATLAS paper [5] where the jet RCP was measured as a function of cen-
trality, pT using the anti-kt algorithm [6]. This algorithm which produces geometrically regular
jets with an eﬀective cone radius controlled by the parameter, R =
√
Δη2 + Δφ2, and the R-
dependence of the jet suppression was studied as well. The second is a measurement of the
d2Njet/dpTdΔφ distributions in diﬀerent centrality bins [7]. As in the case of the global elliptic
ﬂow, the d2Njet/dpTdΔφ distribution should have a signiﬁcant second harmonic component due
to the the π-symmetric collision geometry. The distributions were ﬁt to obtain values of the sec-
ond Fourier coeﬃcient, vjet2 , as functions of pT and centrality to quantify the magnitude of the
variation.
2. Jet Reconstruction
Jets were reconstructed from energy deposits using the ATLAS calorimeter [8] The eﬀects of
the underlying event on the jet kinematics, including the elliptic ﬂow, were removed by perform-
ing an event-by-event determination of the mean transverse energy density and elliptic modu-
lation of the ET distribution [5, 9]. These two quantities were used to construct a background
estimate which was subtracted from each calorimeter cell. An iterative procedure was used to
ensure that jets do not bias the determination of the background. The subtracted cells were taken
to be massless four-vectors and the jets’ kinematics were constructed from the four-vector sum of
the cells contained within the jet. A pT- and R-dependent jet energy scale calibration was applied
using a procedure analogous to that used by ATLAS in the analysis of jets in pp collisions [10].
3. Event Selection
The measurements presented here were performed using the ATLAS calorimeter, inner de-
tector, trigger, and data acquisition systems [8] using two separate data samples. The inclusive
jet measurements were recorded during the 2010 lead ion run with an integrated luminosity of
7 μb−1. The events were recorded using the ATLAS heavy ion minimum bias trigger, event selec-
tion and centrality deﬁnition [11]. The azimuthally dependent measurement was performed with
data recorded in 2011 corresponding to a total integrated luminosity of 0.14 nb−1. Events were
selected using a heavy ion jet trigger algorithm seeded by minimum bias triggers. The jet trigger
algorithm reconstructs anti-kt jets with R = 0.2, using a background subtraction procedure that
is identical to the oﬄine reconstruction but does not include the elliptic ﬂow subtraction [7]. For
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Figure 1: Left: unfolded RCP values as a function of jet pT for R = 0.4 anti-kt jets in four bins of collision centrality.
Dotted lines indicate RCP = 0.5. Right: ratios of RCP values between R = 0.3, 0.4 and 0.5 jets and R = 0.2 jets as a
function of pT in the 0–10% centrality bin. The error bars show statistical uncertainties. The error bars, shaded boxes
and solid lines indicate statistical, uncorrelated systematic and correlated systematic errors respectively [5].
the lowest pT jets the jet trigger was not fully eﬃcient and thus a minimum bias triggered sample
was used for jets in the range 45 < pT < 60 GeV.
4. Inclusive Jet Suppression
The inclusive suppression measurement was performed using 2010 data sample. Jets recon-
structed with R = 0.2, 0.3, 0.4 and 0.5 over the kinematic range 38 < pT < 210 GeV and |η| < 2.1
were used. Both detector eﬀects and underlying event ﬂuctuations can distort the measurement
of the jet’s energy. The result is that for a given jet, the distribution of measured energy will
have a ﬁnite width known as the jet energy resolution (JER). Due to the steeply falling spectrum,
such resolution eﬀects cause a systematic upward shift in the measured yield at a given jet pT,
an eﬀect which is worse in more central collisions and for larger R values. This eﬀect directly
counters the eﬀects of jet suppression, and it must be well understood and corrected to obtain a
meaningful measurement. These eﬀects were corrected for using an unfolding method based on
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Figure 2: Variation of vjet2 with number of participants, Npart, in four bins of jet pT. The error bars indicate statistical
uncertainties and the shaded boxes indicate systematic uncertainties [7].
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the singular value decomposition of the response [12]. The jet spectra were also corrected for
ineﬃciency resulting from the jet reconstruction and fake rejection criteria [5].
The RCP as a function of pT for R = 0.4 jets is shown on the left of Fig. 1 for various centrality
bins. The results indicate an RCP that is nearly independent of pT and has a value of RCP ∼ 0.5
in the most central collisions while varying smoothly to more peripheral collisions. The R de-
pendence of the suppression is shown in the right panel of Fig. 1, where the RCP ratio measured
with a particular R value, RRCP, is divided by the corresponding value for R = 0.2 jets. The statis-
tical error bars shown account for the full statistical correlation between jets of diﬀerent R values
propagated through the unfolding procedure. The results in Fig. 1 indicate a signiﬁcant depen-
dence of RCP on jet radius in the most central collisions. For pT < 100 GeV the RRCP/R
0.2
CP values
for both R = 0.4 and R = 0.5 diﬀer from one beyond the statistical and systematic uncertainties.
5. Azimuthal Variation of Jet Suppression
The analysis of the azimuthal variation of the suppression was performed using the 2011 data
sample using R = 0.2 jets over the range, 45 < pT < 210 GeVand |η| < 2.1. The d2Njet/dpTdΔφ
distributions were corrected for the experimental resolution in determining Ψ2 through standard
techniques [13, 11]. As the response may vary as a function of Δφ, in particular through limi-
tations of the elliptic ﬂow subtraction, each bin in Δφ must be unfolded separately. The smaller
JER resulting from a smaller value of R allows for a simpler bin-by-bin unfolding procedure to
be used over the pT range presented here. As the v
jet
2 is not sensitive to the overall jet yield at
a ﬁxed pT and centrality, but only to the variation with Δφ, this quantity is not dependent on
the magnitudes of the bin-by-bin correction factors, but only to their Δφ variation. An extensive
evaluation of the Δφ dependence of these correction factors and jet performance indicated no
signiﬁcant systematic Δφ variation. Therefore the bin-by-bin corrections were taken to be inde-
pendent of Δφ, which cancel in the determination vjet2 . A systematic uncertainty was included by
introducing a Δφ dependence to the corrections to account for uncertainties in the JER.
Figure 2 shows the variation of vjet2 with the number of participants, Npart, for the four lowest
pT bins included in the analysis. A clear variation of v
jet
2 with Npart is seen in the 60–80 GeV
bin which has the best statistical precision and the smallest systematic uncertainties. The results
in the 45-60 GeV and 80–110 GeV bin show similar variations, but those variations are not as
signiﬁcant due to the larger uncertainties.
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